Sulfite:ferric ion oxidoreductase in the plasma membrane of Thiobaciusferrooxidans AP19-3 was purified to an electrophoretically homogeneous state. The enzyme had an apparent molecular weight of 650,000 and was composed of two subunits (M1s, 61,000 and 59,000) as estimated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The Michaelis constants of sulfite:ferric ion oxidoreductase for Fe3' and sulfite ions were 1.0 and 0.071 mM, respectively. Sulfite:ferric ion oxidoreductase suffered from end product inhibition by 1 mM Fe2+.
The iron-oxidizing bacterium Thiobacillus ferrooxidans inhabits acid mine drainage containing a large amount of ferrous and ferric ions. A unique enzyme, hydrogen sulfide: ferric ion oxidoreductase (SFORase), which uses ferric ion as an electron acceptor for oxidation of sulfide, was recently purified to an electrophoretically homogeneous state (15, 18, 20) from iron-grown T. ferrooxidans Originally, SFORase was thought to oxidize elemental sulfur directly, but now it is thought to actually use sulfide (18) . SFORase was found to be present not only in T. ferrooxidans but also in Leptospirillum ferrooxidans and the moderately thermophilic iron-oxidizing bacterial strains BC1, TH3, and Alv (22). One of the reaction products of SFORase is sulfite ion, and the harmful effect of this ion on the growth of T. ferrooxidans AP19-3 has been noted (4, 17, 21) . Thus, it is reasonable to expect that T. ferrooxidans AP19-3 possesses an enzyme system that can oxidize the toxic sulfite ion to the harmless sulfate ion. We reported the existence of a novel sulfite oxidase in the plasma membrane of T. ferrooxidans AP19-3 which uses Fe + as an electron acceptor (19) . Sulfite oxidase from T. ferroaxidans AP19-3 was markedly distinguished from those obtained from other bacteria, such as T. novellus (2, 14, 23, 27) , T. thiooaxidans (1, 5, 6) , T. thioparus (11), T. ferrooxidans (24) , T. versutus (8) (9) (10) , and T. concretivorus (12) ; namely, T. ferroaxidans AP19-3 sulfite oxidase could not utilize cytochrome c or ferricyanide as an electron acceptor (19) . In contrast, the sulfite oxidases previously described cannot use Fe3+ as an electron acceptor. The Fe3"-dependent sulfite oxidase found in T. ferrooxidans AP19-3 was considered to have two physiological roles: (i) detoxification of the harmful sulfite ion produced during sulfur oxidation by SFORase and (ii) production of Fe2" by reducing Fe3+ with sulfite ion, and the Fe2+ thus formed is oxidized by iron oxidase to supply energy for cell growth (19 T. ferrooxidans AP19-3 was used throughout this study (16) . The composition of the iron-basal salts medium used for large-scale production of cells and the method for cultivation were described previously (19) . The activity of sulfite: ferric ion oxidoreductase, which catalyzes the oxidation of sulfite ion with Fe3" as an electron acceptor to produce Fe2" and sulfate ion, was determined by measuring either sulfite ion oxidized or Fe2+ produced in the reaction mixture. Sulfite was determined spectrophotometrically by the pararosaniline method (26) . The composition of the reaction mixture used for sulfite oxidation was as follows: enzyme, 0.25 ,umol of NaHSO3, 0.5 ,umol of Fe3+, and 2.7 ml of 0.1 M sodium citrate-NaOH buffer (pH 6.0). The total volume was 3.0 ml. The reaction was carried out under aerobic conditions at 30°C on a reciprocal shaker. A sample of the reaction mixture was withdrawn and centrifuged at 12,000 x g for 2 min. The supernatant solution thus obtained was used to determine the sulfite concentration. The amount of sulfite chemically oxidized was always checked with a reaction mixture containing enzyme that had been boiled for 10 min instead of the native enzyme.
Reduction of Fe3+ with sulfite ion by sulfite:ferric ion oxidoreductase was determined by measuring the Fe2+ produced in the reaction mixture by the o-phenanthroline method (13) . The composition of the reaction mixture, which was in a cuvette, was as follows: 0.75 ml of 0.5 M 1-alanine, enzyme, 0.1 ml of 50% glycerol, 16.6 ,ul of 0.1% o-phenanthroline, 84 nmol of NaHSO3, and 0.33 ,umol of Fe3+. The total volume and pH of the reaction mixture were 1.0 ml and 6.0, respectively. After incubation of the reaction mixture at 30°C for 10 min, the reaction was started by adding the Fe3+ solution. Fe2+ production was measured with a Shimadzu UV-1200 spectrophotometer by monitoring the change in A470 for 1 min. (Fig. iB) , indicating that the enzyme was composed of two subunits of different molecular weights. The enzyme had an optimum pH of 6.5, and the activities of sulfite oxidation and Fe2" production by the purified enzyme were proportional to the amount of sulfite and Fe3" added to the reaction mixture. " After PAGE, the enzyme fraction on the gel was removed and extracted with 0.1 M sodium phosphate buffer (pH 7.5) supplemented with 1% Nonidet P-40 and glycerol.
The Michaelis constants of sulfite:ferric ion oxidoreductase for sulfite and Fe3+ were 0.071 and 1.0 mM, respectively (data not shown). The purified enzyme showed an absorption maximum at 410 nm in an oxidized form (Fig. 2) (25) . absorbance at 375 to 600 nm, when the purified enzyme was reduced with sodium hydrosulfite. a Sulfite:ferric ion oxidoreductase was determined by measuring sulfite ion in the reaction mixture as described in the text. The metal ion concentration used was 1 mM. Purified sulfite:ferric ion oxidoreductase from a Sephacryl S-500 fraction was used.
